cordingly, the majority of previously published literature regarding upper cervical spine fractures in the elderly has focused on Type II odontoid fractures. Those studies that have considered other types of C-2 fractures have done so using a subanalysis of a heterogeneous cohort, and have consisted of a relatively small sample size. 5, 12, 18, 23 Therefore, little is known about the association of specific C-2 fracture types with patient characteristics, risk factors, treatment, and outcome.
The objectives of this study were 2-fold: 1) to describe the distribution of C-2 fractures in a cohort of patients over the age of 70 years, and 2) to identify the association between fracture pattern and age, sex, risk factors, mechanism of injury, radiographic findings, treatment, and mortality rate.
Methods
Patients who were admitted to the London Health Sciences Centre between 2002 and 2011 with an acute C-2 fracture were retrospectively identified using the Discharge Abstract Database and the International Statistical Classification of Diseases and Related Health Problems (ICD-10) code S12.1. Patients who were 70 years of age or older were included. Exclusion criteria were incomplete radiographic studies to assess fracture type, presentation with a chronic fracture nonunion as opposed to an acute fracture, previous upper cervical spine surgical instrumentation, noncontiguous spine trauma, and a pathological fracture (Table 1) . Approval was obtained from our institutional research ethics board.
Imaging was retrospectively reviewed independently by 2 fellowship-trained orthopedic spine surgeons. Fracture classification was determined using sagittal and coronal CT reconstructions. Fractures were classified as an odontoid Type I (tip of the odontoid), Type II (base of the odontoid), or Type III (fracture extending into the body of the odontoid) fracture as per Anderson and D'Alonzo; 2 hangman's fracture as per the Levine classification; 9 or as "other fractures," which included isolated lateral mass fractures and vertebral body avulsion fractures. During the classification process we identified several fractures that would be best classified as a hangman's fracture on the CT sagittal images (based on the presence of pars/lateral mass fractures) and a Type III odontoid fracture on the CT coronal images (based on a fracture extending through the vertebral body below the neck of the odontoid process). Because it was difficult to ascertain which classification best fit this biplanar fracture, we elected to call this group "C-2 complex" (Fig. 1) . Any discrepancy in classification was resolved by consensus, with input from a third author. Each patient's hospital chart was retrospectively reviewed to gather the following information: patient demographics, medical history, medications at the time of the fracture, cause of injury, operative versus nonoperative treatment, and cause of death. The treatment selected was chosen according to the surgeon's discretion on a patientby-patient basis without study-defined selection criteria.
Cause of injury was grouped as follows: fall from a standing height, fall downstairs, motor vehicle collision, other, or unknown. To assess the mortality rate, the survival status (alive, deceased, or unknown) for each patient was determined at 1 year after injury. For patients who died, the cause of death was descriptively reported according to the fracture classification group.
Patient risk factors for falls were assessed according to the WHO. 27 We elected to focus on the 5 factors that could be reliably extracted from the hospital chart: age older than 80 years; female sex; specific medical history (circulatory disease, chronic obstructive pulmonary disease, depression, impaired cognition and vision, and arthritis); specific medications at admission (psychotropic, sedatives, diuretics, and so on); or taking more than 4 prescribed medications at admission. The CT images were further assessed for associated contiguous and noncontiguous subaxial autofusion spanning either single or multiple levels. The percentage of patients who had subaxial autofusion was determined for each C-2 fracture classification to determine if this risk factor for C-2 fracture was similar between groups.
The data analysis was performed using PASW Statistics, version 20 (IBM SPSS, Inc.). The mean and SD values were used to describe continuous parametric variables, and comparisons were made between fracture groups by using 1-way ANOVA for age and the KruskalWallis test for follow-up duration. Percentages were used to describe categorical variables, and comparisons were made between fracture groups by using the Fisher's exact test with Monte Carlo approximation set to include 10,000 observations. For post hoc analysis, each fracture type was compared with all the other fracture types combined (i.e., Type II odontoid versus C-2 complex, Type III, hangman's, and other fracture pattern groups), complete case analysis was used, and p values were adjusted to p = 0.01 using the Bonferroni method for multiple comparisons.
All p values were considered significant if < 0.05, unless stated otherwise.
Results
A total of 674 patients were initially identified by database search as having a cervical spine fracture. Of these cases, 367 had a C-2 fracture, and 188 were 70 years of age or older (188/367 = 51.2%). A total of 141 patients satisfied all the inclusion and exclusion criteria and were included in the study for analysis. Of these 141 patients, the most common fracture pattern was Type II odontoid fractures (57%; Table 2 ). This was followed by C-2 complex fractures (19%), Type III odontoid fractures (11%), and hangman's fractures (8%). Of the hangman's fractures subgroup, 91% were Type I fractures, which means they were nondisplaced fractures. Approximately 5% of the patients were classified into the "other" fracture group, having sustained fracture patterns such as a lateral mass fracture (2%), extension type vertebral body avulsion fracture (1%), transverse process fracture (1%), or spinous process fracture (1%). Initial agreement on fracture type occurred between the 2 reviewers in all but 14 cases (10%). These 14 cases were reviewed together and consensus was reached as to the classification type. Patients were followed on average for 6 months (Table 3) . Patient demographics are listed in Table 3 . The mean age of the overall study population was 82 ± 4 years (mean ± SD). Age did not differ between fracture patterns (p = 0.597). In the overall study population, C-2 fractures were equally common in both sexes (48% were in male patients and 52% were in females). However, there was a difference in sex ratios between fracture pattern groups (p = 0.022). Whereas Type II odontoid, Type III odontoid, and hangman's fractures were equally common in males and females, the majority of patients who suffered a C-2 complex fracture were female (p < 0.009; C-2 complex vs all other groups combined). Compared with all the fracture groups combined, there tended to be more male patients who suffered an "other" C-2 fracture type (85%), but this finding was not significant after adjustment for multiple comparisons (p > 0.01).
Falls accounted for the majority of injuries for all fracture groups. In the overall cohort 66 of 141 patients (47%) were injured by a fall from standing height, and 17/141 patients (12%) fell down stairs. Only 15/141 (11%) were involved in motor vehicle collisions. There was no difference in the cause of injury between the fracture patterns (p = 0.161). However, for 40/141 patients (28%) the cause of injury was undocumented.
In the overall cohort, the majority of patients had 3 or more risk factors for a fall. No fracture group had more predisposing risk factors for falls than any other fracture group (p = 0.513). However, for 34/141 (24%) of the cohort, the number of risk factors for a fall was unknown due to the patient's medical records being incomplete.
Subaxial autofusion occurred in 57% of patients who suffered a Type II odontoid fracture and in 60% of patients who suffered a Type III odontoid fracture. In contrast, only 37%, 27%, and 14% of patients in the C-2 complex fracture, hangman's fracture, and other fracture groups, respectively, had autofusion ( comparison of odontoid fractures (Types II and III) to all other fracture types combined revealed a higher occurrence of subaxial autofusion among patients who suffered an odontoid fracture (p = 0.002). All fracture groups were predominately treated nonoperatively (Type II odontoid, 54%; C-2 complex, 78%; Type III odontoid, 87%; hangman's, 63%; and other, 43%). Management with a cervical collar was the most frequently used nonoperative treatment among all fracture patterns. However, treatment modalities differed between fracture patterns (Table 3 , p < 0.001; Table 4 , p = 0.023). In particular, operative management for Type II odontoid fractures was more common compared with all other fracture groups combined (p = 0.002). Five patients with Type II odontoid fractures required a secondary procedure following the failure of the initial treatment; 1 collar was converted to a posterior fusion, whereas 3 were converted to anterior odontoid screws, and 1 patient treated initially in a halo vest device was converted to a posterior fusion. Two patients with a C-2 complex fracture were converted to secondary treatment; one from a collar to a halo vest device, and the other from an anterior screw to posterior fusion.
There was no difference between fracture groups with regard to mortality (Table 3 , p = 0.186). The 1-year mortality rate was 27% (38 of 141 patients). Eight patients died before treatment for their C-2 fracture could be initiated. Two of these deaths were a direct result of a high complete spinal cord injury (SCI) associated with the C-2 fracture, 2 had care withdrawn, 2 suffered a myocardial infarction, and 2 died of other medical complications. Within 6 months of injury, 2 other patients died of complications arising from their SCI; these 2 were 95-year-olds who had American Spinal Injury Association (ASIA) Grade D central cord syndromes but declined operative treatment and progressively became quadriplegic. This resulted in a total of 4 (3%) deaths directly related to an SCI. All 4 of these deaths occurred in patients who suffered an odontoid fracture, 3 of which were Type II odontoid fractures. Otherwise, the majority of deaths were associated with secondary causes not directly related to the C-2 fracture (34 of 38 deaths). The most frequent secondary causes of death included respiratory complications in 9 patients, cardiovascular in 4 patients, and cancer in 4 patients. Five patients died of other secondary complications, and for 6 patients the cause of death was unknown. In a subanalysis of the mortality rate between operative and nonoperative treatment subgroups within each fracture group, the mortality rate was higher after nonoperative treatment than after operative treatment for Type II odontoid fractures (44% vs 20%, p = 0.048; Table 5 ), excluding the patients who died before treatment and those who had unknown treatment.
Mortality rates did not differ between anterior approach, posterior approach, halo treatment, or collar treatment modalities within each fracture pattern.
Discussion
It is well recognized that the elderly are predisposed to cervical spine fractures, and in particular C-2 fractures. 22 This study has demonstrated that although half of C-2 fractures are Type II odontoid fractures, the elderly commonly sustain Type III odontoid fracture, hangman's fracture, or a combination of both (complex) as well. Much literature has been published on the treatment of Type II odontoid fractures in the elderly, although differences in the approach to treatment remain unresolved. 3-5, 7, 8, 10, 11, 15, 16, 18, 20,22 In the largest retrospective review to date on this topic, Pearson et al. 19 analyzed 53,338 patients in the Medicare population (older than 65 years) who had a C-2 fracture, but these investigators could not distinguish between fracture types using ICD-9 codes. Our findings suggest that half the population we analyzed did not have the Type II odontoid fracture type, which may confound the comparison of operative versus nonoperative management. Those who have considered types of C-2 fractures have done so using a subanalysis and their studies have involved a relatively small sample size. Sokolowski et al. 23 conducted a descriptive subanalysis of 38 axial injuries among 193 cervical injuries in a retrospective review of Values are expressed as the number of cases (%). Cases of the 14 patients who died before treatment or whose treatment is unknown are excluded. * For Type II odontoid fractures, 1 case treated in a collar was converted to posterior fusion, and 2 cases treated in a halo were converted to anterior screw. prospectively collected data, but did not do a comparative analysis. Koller et al. 12 assessed 35 patients with a C-2 fracture but evaluated identical morphological characteristics within C-2 fracture subtypes, such as intraarticular fracture pattern and number of main fragments. Daentzer and Flörkemeier 5 reported the distribution of C-2 fractures in 29 patients younger and older than 65 years of age, but analyzed all fracture patterns together after halo vest treatment. Therefore, our study contributes to the literature an understanding of the patient demographics, fracture type distribution, and mortality rate for the remaining 50% of these less-studied fracture patterns.
Not surprisingly, we confirmed that the vast majority of C-2 fractures in the elderly population are sustained in a fall from a standing height. 13, 14, 16, 17 The high prevalence of standing-height falls leading to a C-2 fracture is thought to be associated with an increased stiffness of the motion segments in the subaxial cervical spine and a relative osteopenia in the upper cervical spine. 13 We demonstrated a high prevalence of autofusion within the subaxial spine in all fracture patterns, but most commonly in odontoid fractures, validating a stiff spine as a risk factor predisposing to these injuries.
Because a fall from a standing height is the most common reason for fracture, we attempted to identify patient risk factors for falls as defined by the WHO. 27 We identified several, and found that more than 65% of our patients had 3 or more risk factors for falling-the most common being polypharmacy and medical comorbidities. As advocated by gerontologists, these are potentially modifiable or preventable risk factors, which suggest an opportunity to reduce the likelihood of these fractures occurring. It is unknown whether our fracture cohort had more risk factors for falls when compared with an age-matched cohort of individuals without fractures. Having more risk factors for falls did not predispose to a higher mortality rate in our study, however.
Previous studies have summarized the controversy regarding surgical versus nonsurgical management of Type II odontoid fractures. 3, 4, 7, 11, 15, 18, 22 However, there exists no consensus regarding to the best management of this fracture type. In our patient cohort we found that all fracture patterns were treated predominately with nonoperative management. However, operative management was used more frequently for patients with Type II odontoid fractures than other fracture types. The treatment of the patients in this retrospective study reflects the bias of the individual treating surgeon. There is no specific algorithm that was followed by the surgeons treating these patients. However, we believe that the 2 most important factors to consider when treating C-2 fractures in the elderly are fracture stability and patient premorbid health. 11, 27 Fracture stability was most commonly judged by severity of fracture malalignment and the propensity of the fracture to maintain "acceptable" alignment. Certainly, a plethora of radiographic measurements have been published assessing fracture translation, gap, pattern, and comminution, particularly with respect to odontoid fractures, to help determine this. 2, 9 If nonoperative treatment was selected, follow-up was vigilant to ensure that a mobile nonunion or significant canal stenosis did not occur. "Acceptable" alignment was dependent on patient comorbidity. This is in respect to not only perioperative risk for a significant medical complication and/or death but also prefracture functional demand from both a physical and mental health perspective. For example, in a severely demented 75-yearold patient, following appropriate family/decision maker consultation, a larger malalignment may be deemed "acceptable" than in an active, relatively healthy 85-year-old individual. Probably, the concern regarding spinal canal compromise with unstable Type II odontoid fractures led to the increased rate of surgery for this fracture type. This concern is consistent with the finding that 3 of the 4 deaths caused by an SCI occurred in Type II odontoid fractures.
Yet, only a small percentage of the deaths can be directly attributed to the C-2 fracture (i.e., SCI). The majority of deaths in the 1st year are a result of associated medical comorbidities. The 1-year mortality rate was 27%. This is in agreement with previous studies that have suggested a 1-year mortality rate between 24% and 39%. 3, 4, 10, 17, 19 In a subanalysis of the mortality rate between operative and nonoperative treatment within each fracture group, we found that the mortality rate was higher after nonoperative treatment than after operative treatment for Type II odontoid fractures (although no adjustment was made for potential confounders). This was similarly reported by the AOSpine North American Geriatric Odontoid Fracture Mortality Study, 3 which did adjust for age, sex, and comorbidities. Likewise, Schoenfeld et al. 21 reported a 1-year mortality rate (36% vs 21%) in favor of operative treatment (n = 44) compared with nonoperative treatment (n = 112). However, mortality was similar at a short-term survival period of 3 months. We did not identify an increased mortality level in any of our fracture groups compared with the others.
Our study shares the limitations common to all retrospective reviews; complete imaging was lacking, which resulted in the exclusion of patients from an otherwise consecutive series, and medical records were incomplete in some instances. The study results may also be influenced by selection bias because the surgeons determined treatment at their own discretion. The retrospective nature of this review precluded the reliable assessment of neurological and functional status at follow-up and thus it does not include rates of treatment-related adverse events (which should be collected prospectively to prevent underestimation 26 ); we therefore are unable to reliably determine if these factors differ between fracture pattern groups. However, our study is one of the largest cohorts comparing types of C-2 fractures today. Despite this, the sample size remains small in each subgroup, which diminishes interpretability. Nevertheless, this study highlights the fact that nearly half of C-2 fractures sustained in elderly patients are not Type II odontoid fractures. Furthermore, we have defined a "complex" fracture pattern, which is more common to the female sex and, similarly to the Type III odontoid fracture, can be considered relatively stable and treated nonoperatively.
Conclusions
Although not as common as Type II odontoid fractures, other C-2 fractures including hangman's, complex, and Type III odontoid fractures accounted for close to half of the injuries in our study cohort. There were few differences between the fracture types with respect to cause of injury, predisposing factors, or mortality rate. However, surgical treatment was more common for Type II odontoid fractures.
